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Approximately 18 million people in the United States are diagnosed with diabetes. The American Diabetes Association (ADA) attributed $92 billion in direct medical expenditures to diabetes in 2002. Inadequate glycemic control is thought to be a cause of diabetic complications and higher costs. 2, 3 Proper management of diabetes can delay complications, reduce mortality, and reduce the costs of diabetes care. Research has shown that aggressive glycemic control can reduce longterm complications in patients with type 1 or type 2 diabetes and result in considerable medical cost savings. 2, [4] [5] [6] Most of the previous studies have focused on the effects of glycemic control on long-term cost savings. However, evidence of short-term cost savings is often required before studying the long-term implications. A few studies have suggested that better glycemic control may result in cost savings within a short period of time. 3, 7, 8 Analysis of retrospective administrative claims and laboratory data by Gilmer et al. showed that inadequate glycemic control was associated with greater health care costs over a 3-year period. 3 For every 1% increase in glycosylated hemoglobin (A1c), Gilmer et al. found that health care costs rose 7% over the next 3 years. Menzin et al. found, in a study using a retrospective cohort design, a reduced rate of admission for short-term complications and reduced medical charges for these complications in patients with better glycemic control. 7 In a study using data from a staff-model health maintenance organization, Wagner et al. suggested that a sustained reduction in A1c level was associated with significant cost savings within 1 to 2 years of improvement. 8 The studies either used change in A1c level or created categories of A1c levels while studying the effect of glycemic control on health care costs. In the present study, we examined the relationship of diabetes-related costs in patients with type 2 diabetes who stayed at the target A1c level of ≤7% compared with patients with type 2 diabetes who stayed above the target A1c level (had A1c levels >7%).
ss Methods
This study is a retrospective, longitudinal database analysis using eligibility data, medical and pharmacy administrative claims data, and laboratory data from a large U.S. managed care organization (MCO). All are commercial, preferred-provider organization-model regional health plans of a national MCO. The MCO had approximately 5.4 million members during 2002. The individuals covered by this health plan are geographically diverse across the United States. The MCO provides fully insured coverage for physician, hospital, and pharmacy services.
Study patients were identified during the period January 1, 2002, through December 31, 2002. The index date was the first available A1c laboratory value recorded during the subject identification period. Patients were included in this study if they met the following criteria: (1) had 2 or more claims for type 2 diabetes in either the primary or secondary position on physician or hospital claims (International Classification of Diseases, Ninth Revision, Clinical Modification [ICD-9-CM] codes 250.x0 or 250.x2 were used to identify patients with type 2 diabetes.); (2) had at least 1 prescription for an oral hypoglycemic agent and/or insulin; (3) had at least 1 available A1c value; (4) were commercially insured with a drug benefit; and (5) had at least 6 months of continuous enrollment prior to the index date and at least 12 months of continuous enrollment following the index date. Patients with 2 or more claims for type 1 diabetes (ICD-9-CM codes 250.x1 or 250.x3) were excluded from the study.
Study patients were divided into those at the target A1c level (≤7%) and those above the target A1c level (>7%). Patients with more than 1 A1c value were required to be at target level or above target level to be included in the at-target group or abovetarget group, respectively. Patients whose A1c values were not continuously at target level or above target level during the 1-year follow-up period were excluded from the study.
Demographic, clinical, and cost variables were extracted from the research database for each subject. The demographic variables included age, gender, and health plan region. The clinical variables included prescribing physician specialty and the presence of select comorbid conditions. The following comorbid conditions were identified during the preindex and the postindex periods: hypertension, congestive heart failure, ischemic heart disease, atherosclerosis, dyslipidemia, retinopathy, nephropathy, neuropathy, diseases of the extremities, obesity, and albuminuria. The practice specialty of the physician prescribing the first hypoglycemic agent during the subject identification period was determined, and 4 dichotomous variables indicating the specialty of the physicians were created (general practitioner, internist, endocrinologist, and other specialty).
To account for the difference in burden posed by comorbidities between the 2 groups, the presence of select comorbid conditions was examined during the study period. Comorbid conditions were identified using ICD-9-CM codes in any position on the physician and hospital claims and using the National Drug Codes for prescription drugs in the pharmacy claims. Total baseline cost during the 6-month preindex period was also estimated to serve as a proxy for general health status of each subject. The direct medical costs associated with the treatment of diabetes were estimated 1 year following the index date. The direct medical costs included all physician office visit, outpatient visit, inpatient, emergency room, and lab costs associated with a diagnosis of diabetes in the primary position on the medical claims. Pharmacy costs were calculated for oral hypoglycemic agents and insulin during the 1-year follow-up period. Costs were defined as the cost to the health plan as well as to the health plan member; i.e., cost in this study included the total amount paid by the health plan as well as any copayment and deductible amounts paid by the health plan member.
Statistical Analysis
The baseline characteristics of the 2 comparison groups were analyzed descriptively (frequencies and percentages), using paired t tests for continuous variables and chi-square tests for categorical variables. Multiple linear regression analysis was used to estimate the relationship between remaining at target A1c level and diabetes treatment cost. The primary independent variable in the regression model was the target group indicator. The regression analysis controlled for demographic and clinical confounders, including age, gender, specialty of the physician prescribing the index medication, presence of comorbid conditions, and total baseline costs. The dependent variable in the regression model was the total diabetes-related costs during the 1-year follow-up period.
The distribution of the cost data was skewed. Testing for heteroscedasticity indicated that error variances were not constant. Logarithmic transformation of the cost data was done prior to the analysis to make the data normal, and the regression analysis was conducted using robust standard errors. Since all patients in the study population had a diabetes-related cost, zero values for cost were not a concern for this study. The adjusted log means were transformed to a dollar scale using a smearing estimator in order to obtain an unbiased estimate of mean diabetes-related cost.
9,10 A subanalysis was also conducted to identify significant demographic predictors and comorbidities that are associated with increased diabetes-related costs when stratified by A1c level. Multiple linear regressions were conducted separately in the at-target group and above-target group to identify significant predictors of costs. These regression models included the same set of independent variables described above except for the target group indicator. All analyses were conducted using the SAS software, version 8.2.
ss Results
Prior to application of the exclusion criteria, 170,566 patients were identified with 2 or more claims for type 2 diabetes during calendar year 2002, representing a prevalence of approximately 3.1% in the MCO population of 5.4 million members. After application of the exclusion criteria (Table 1) , 8 ,991 patients were identified with at least 2 or more claims for type 2 diabetes, at least 1 pharmacy claim for a hypoglycemic agent, at least 1 laboratory value for A1c, and continuous enrollment during the study period. Patients with 2 or more claims for type 1 diabetes were excluded from the study (Table 1) .
A total of 2,211 patients were excluded from the study because they were not continuously either at the target or above the target A1c level during the 1-year follow-up period. Of the 6,780 patients who were included in this study, 3,121 (46%) were identified as being continuously at the target A1c level, and 3,659 patients (54%) were identified as being above the target A1c level for the 1-year period following the index A1c value. Table 2 shows the descriptive characteristics of the 2 groups. The at-target group (a) consisted of patients who were significantly older (mean 53.9 years) as compared with the above-target group (mean 52.3 years, P <0.001); (b) had a significantly lower percentage of patients in age groups 31-40 and 41-50 and a higher percentage of patients in the above-60-years age group (P <0.001); (c) had a slightly lower proportion of patients from health plans in the Midwest and a slightly higher proportion of patients from health plans in the South (P = 0.004); (d) had a higher percentage of patients who received only oral hypoglycemic agents (P <0.001), a lower percentage who received only insulin, and a lower percentage who received a combination of insulin and oral agents (P <0.001); (e) had a higher percentage of patients with dyslipidemia (P <0.001) and a lower percentage of patients with retinopathy (P = 0.007), neuropathy (P = 0.035), or diseases of the extremities (P = 0.003); and (f) had a lower percentage of patients who had an internist prescribe the index hypoglycemic medication (P < 0.001) but a higher percentage of patients who had an endocrinologist prescribe the index hypoglycemic medication (P = 0.004).
Costs during the 6-month baseline period were significantly (27%) higher in the at-target group ($2,419) compared with the above-target group ($1,911, P <0.001). Prior to adjustment of costs, the at-target group during the follow-up period had significantly lower medical costs, pharmacy costs, and total diabetes-related costs compared with the above-target group (all comparisons, P < 0.001, Table 2 ). Table 3 presents the results of multiple regression analysis, comparing the total diabetes-related costs of the at-target and the above-target groups. The results of regression analysis are interpreted in the following way: At an A1c level of 7%, the expected cost of a subject aged 65 years with hypertension was higher than the expected cost of a subject aged 30 years without hypertension.
The results of regression analysis revealed that the at-target group had significantly lower total diabetes costs (P <0.001) as compared with the above-target group after adjusting for confounding factors. After appropriate log retransformation using the smearing estimator, it was found that the predicted total diabetes-related cost for the above-target group during the 1-year follow-up period was $1,540 per patient, 32% higher than the total diabetes-related cost ($1,171) for the at-target group.
Patients in the age groups <31 and 31-40 years had significantly lower diabetes-related costs as compared with patients older than 60 years. Patients who had an endocrinologist prescribe the first hypoglycemic medication during the study period had higher diabetes-related costs. The higher costs associated with endocrinologists may be related to referral of more complex cases from primary care physicians to endocrinologists. Patients with a comorbid diagnosis of hypertension, dyslipidemia, retinopathy, nephropathy, neuropathy, diseases of the extremities, and obesity had significantly higher diabetesrelated costs.
Since some researchers have expressed concerns with the use of logged costs related to the potential difficulties associated with retransformation, 12 we also compared the costs using a gamma distribution with a log link (generalized linear model [GLM]). 13 This method avoids the retransformation problems associated with log models. The magnitude of costs in the at-target group and the above-target group using the GLM was similar to the results obtained using the logged model, thus providing us confidence in our results. Table 4 displays the results of the subanalyses that identified the significant demographic predictors and comorbidities associated with increased diabetes costs when stratified by A1c level. Patients in the age groups <31 and 31-40 years in the at-target group had significantly lower total diabetes costs as compared with patients older than 60 years. However, the diabetes-related costs of the <31 and 31-40 years age groups in the above-target group were not significantly different from the costs of those older than 60 years, but patients in the age group Sample Selection 51-60 years had significantly higher total diabetes costs as compared with patients older than 60 years. Patients with dyslipidemia, retinopathy, nephropathy, neuropathy, and diseases of the extremities had significantly higher diabetes costs in both groups. The major difference in the 2 groups was that obesity was significant in explaining the higher total diabetes costs in the above-target group whereas it was not significant in the at-target group.
ss Discussion
A retrospective study using eligibility data, medical and pharmacy claims, and laboratory data for 6,780 patients with type 2 diabetes was conducted to determine the potential economic benefits associated with glycemic control using the A1c value of ≤7%. The results of this study found a strong association between glycemic control and total diabetes-related costs. Patients in the at-target group had significantly lower total diabetes costs as compared with patients in the above-target group after adjusting for the demographic characteristics, presence of comorbid conditions, and baseline costs.
The findings of this study suggest that patients who were at the target A1c level used fewer health care resources related to diabetes as compared with patients who were above the target level, which is reflected in the lower total diabetes costs for the at-target group patients in the 1-year follow-up period. The findings were consistent with some of the earlier studies that studied the relationship between A1c levels and health care costs. Reduced health care costs among patients with better glycemic control may be related to symptomatic relief and improvements in quality of life. 14 Wagner et al. suggest that better glycemic control may increase the comfort of the primary care physician and the patient, resulting in reduction in physician visits. 8 The at-target-group patients had significantly higher baseline costs as compared with the above-target-group patients. This finding is consistent with the results of some of the other studies that found that patients whose A1c levels improved had increased health care use prior to the decrease in A1c levels. 8, 15, 16 In an effort to keep the health care costs under control, patients and physicians may have increased the intensity of treatment to achieve glycemic control.
The importance of the association between obesity and total diabetes costs in the above-target group is of great interest. Obesity was significant in explaining the higher diabetes costs in the above-target-group patients but was not significant in the at-target group although both groups had a similar prevalence of obesity. It may be particularly important to focus on reducing weight in patients who are above the target A1c level.
Given the above findings regarding the higher diabetes costs associated with patients with A1c levels continuously above 7%, it seems important to focus on getting diabetic patients in control. Previous research has shown that intervention programs that facilitate early diagnosis of diabetes, regular monitoring of each patient' s progress, patient education, and systematic follow-up will be helpful in attaining glycemic goals and ultimately will result in costs savings to the health care system. 17, 18 Proper screening, early diagnosis, and effective management of diabetes will likely ensure a higher percentage of patients at target A1c levels. The use of effective drug therapy, along with patient education and systematic follow-up, may result in maintaining patients at target levels and may help reduce costs associated with diabetes treatment.
Descriptive Characteristics of the Study Population

Limitations
The findings of this study must be considered within the limitations of the data and study design. First, the observational study design does not permit causal inference of the results.
Further, it could be determined whether patients remained at the target A1c level only if they had follow-up visits with their physicians. We made the assumption that the proportion of patients scheduling a follow-up visit in the above-target group is distributed similar to the at-target group. Patients who achieved their target A1c level are probably less likely to have a follow-up visit scheduled as compared with patients who were above target level. We may, therefore, have overestimated the number of patients at target if the number of follow-up visits decreased dramatically after the target level was achieved. However, a post hoc analysis revealed that the number of follow-up visits was higher among the at-target-group patients as compared with the above-target-group patients, thus limiting the possibility of overestimation of the number of patients at target (data not presented).
The present study is limited by the inability to control for the number of A1c tests, the number of diabetes-related ambulatory visits, and the type of oral hypoglycemic agent.
Reporting the values for these 3 variables would have provided a more comprehensive description of the study population. The study is also limited by the lack of control for the severity of disease, but the baseline costs may be a crude proxy for disease severity.
We measured only diabetes-related costs, defined as (a) the health plan and member costs for only medical claims with a primary diagnosis of diabetes and (b) pharmacy costs for diabetes drugs and insulin. We did not measure total medical costs for these 2 groups of patients with type 2 diabetes.
Patients were excluded from the study if their A1c values were not continuously at target level or above target level during the 1-year follow-up period. Since this excluded group of 2,211 patients represented 25% of the potential study population, the results of the study may not be generalizable to the general population of patients with type 2 diabetes.
The study population was a sample of managed care members. Therefore, the results of this study are applicable to the management of type 2 diabetes in a managed care setting. It may not be possible to generalize the results to a nonmanaged care population. In addition, administrative claims data have some limitations that are common to all analyses conducted using this data source. Claims data are collected for the purpose of payment and not for research. They may be subject to possible coding errors. Despite the limitations, administrative claims remain a powerful source of data for research. Claims data allow for examination of health care utilization and associated expenditures in real-world settings.
This analysis has important policy implications. The analysis suggests that better glycemic control is associated with significantly lower costs over a 1-year period. Further research should be conducted to explore if glycemic control is associated with cost savings outside the managed care environment.
ss Conclusion
Diabetes patients who were continuously at the target A1c level of ≤7 had significantly lower diabetes-related costs over a 1-year follow-up period compared with diabetes patients who were continuously above the target A1c level. Managed care efforts to help diabetes patients attain target A1c levels may reduce total diabetes-related medical costs. Shetty served as principal author of the study. Study concept and design, analysis and interpretation of data, and statistical expertise were contributed by all authors. Drafting of the manuscript was primarily the work of Shetty, and its critical revision was the work of Secnik and Oglesby. Administrative, technical, and/or material support was provided by i3 Magnifi.
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